Notes on the knowledge of latitudes 
and longitudes in the middle ages 


The (Jrecks were interested in geographical latitudes and longitudes 
front the point of view of pure science. They certainly had no con¬ 
ception of the immense range of practical uses to which a more 
complex civilization might put the exact knowledge of positions on 
the earth's surface. 

In the schools of the Hellenistic age men of science devoted 
themselves to the solution of problems of mathematical geography 
and made progress toward the construction of an accurate map of the 
world (I). Ek\tostiienes toward the close of the third century it. 
endeavoured, with much success, to measure the circumference of the 
globe and to calculate the dimensions of the known world. For the 
latter purpose he made use of data derived from calculations of the 
lengths of journeys at sea, from itineraries, and also from astronom¬ 
ical observations. Hipparchus in the second century rt. c. urged the 
scientific value of carrying out an extensive series of observations 
of latitudes and longitudes throughout the inhabited world. 
Ptolemy’s ('•eotjraphi / consists in the main of tables of latitudes and 
longitudes given with a misleading appearance of accuracy mislead¬ 
ing because the data were compiled as a guide for the construction 
of maps and do not represent the results of so many precise observa¬ 
tions. The maps, which in all probability were drawn from them, 
were, none tin* less, the best that antiquity was capable of producing 
and. all things considered, excelled all others until tin* fourteenth 
cr ntury. 


(1) On Greek mathematical geography, «ce Hioo Berger, Geschichie der 
yjcuienschaf(lichen Erdkunde der GrUchen , 2 nd edition, Leipzig, 1903 
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With the disintegration of ancient culture, geography also degener¬ 
ated. Scientific criticism was no longer applied to its problems and 
the writings of prolix and fanciful encyclopaedists like Puny, Soli- 
nus and Martianus Capella became standard authorities. Their 
words were copied and recopied throughout the middle ages. Any 
ancient maps that may even remotely have approached our modern 
standards of accuracy were lost and mediaeval cartography, entirely 
uncontrolled by mathematics or astronomy, reflected the ideas of the 
authoritative encyclopaedists and the whims of draftsmen. 

Only among the Moslems was there a revival of the scientific 
method. Toward the close of the eighth century of our era the 
Moslems of the Eastern Caliphate began to study Ptolemy’s geograph¬ 
ical and astronomical works and to write treatises modelled upon 
them and based upon their own observations. The Moslems were 
interested in astronomical matters and in the accurate determination 
of positions partly as a result of general scientific curiosity and 
partly for practical reasons. Religious law and custom required 
that the good Moslem pray at least five times a day and that when so 
doing he face in the direction of Mecca. Consequently the mosques 
where he performed his devotions must needs be orientated in such 
a way as to enable him to turn toward the holy city (\y Only through 
a fairly accurate understanding of the geographical position of Mecca 
in relation to other parts of the world could this be accomplished. 
The Moslems also developed to a high degree of intricacy the art (or 
shall we call it the false-science?) of astrology, which they supposed 
to be of great practical value. According to the astrologer the hea¬ 
venly bodies govern the destinies of man. From observation and 
calculation tables might be worked out showing the future course of 
the sun, moon, planets and stars through the heavens above any given 
station. Such tables, however, would be worthless for a second 
station at any distance from the first. Only through knowledge of 
the relative positions of the two, could the tables be revised to apply 
to the second station. 

During the twelfth and thirteenth centuries, men in Western 
Europe looked to the Moslems for inspiration in matters scientific. 
Moslem astrology assumed a great hold on the imagination. Trea- 


(1) 0. Peschel, Geschichte der Erdkunde bis auf Alexander von Humboldt 
unrt Karl Ritter, 2 nd edition, edited by Sophus Ruge, Munich, 1877, p 135. 
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tises on astrology and astronomy were translated into Latin and an 
impetus was given toward the production of similar treatises in 
Europe and toward the carrying out of observations of the sort that 
the Moslems had carried out. 

In the present paper it is my aim to discuss some ideas on th^ 
subject of terrestrial latitudes and longitudes which students of 
astronomy in Western Europe during the twelfth and thirteenth 
centuries had derived from the Moslems and from classical antiquity, 
and to show to what extent these ideas were understood and given 
geographical application. 

First let us turn to the question of methods. It has always been 
a relatively easy matter to find latitudes , for even without instrument' 
by no means a false idea of our position on the earth’s surface in 
relation to the poles and to the equator may be obtained merely by 
observing the course of the sun or stars. Geographical latitude is 
so patently correlated with the appearance of the heavens, that the 
relationship was noted at a very early date. The ancient geographers 
were skilled in finding latitudes by using a simple instrument 
resembling a sun-dial, and Er vtosthenes’ calculation of the circum¬ 
ference of the earth was made possible by a knowledge of the 
difference between the latitudes of two points in Egypt found hv 
this means. The Moslems perfected the astrolabe, an instrument tint 
came into universal use during the Middle Ages, and in twelfth 
century Latin translations of Arabic works we find rules telling how 
to find latitude by using the astrolabe. 

Toward the close of the eleventh century, astronomical and astro¬ 
logical tables had been compiled in Spain for the city of Toledo and 
upon these tables Al-Zvuuau, a Snauish-Arab astronomer wh > had 
probably directed the work of compilation, shortly after wrote a 
commentary 1). The Toledo Tables v, till Ai.-ZarqmJ's cumin utirv 
wore translated into Latin during the twelfth century and were u<ed 
as a basis from which other tables were compiled for points in 
France, England. Italy, and perhaps other countries *2 . It seems 


I) PlKRlu Dlmkm, /.♦• systems du montfr ; histoir ** c/<’f dtrtyins t jsmoto 
qiqwsde Platon Cop rnir*. vo). II. Par , 1W I, pp. *J.jO-251 . 

k J ) MoniT/ S rniN.SclINK.IDt-K, Ktudrs sur Z< 1 ) hili /{fllrUnn di b\Olior/rafa e 
d St or in dills, scirnzs ,nt» mat //7o* s fisirhe ulthliraln dn M. Bom o.mi*a »Nt, 
Bonn, vol. XIV, ISSI ; MI. IsnR; XVII )S*< I WIIJH-O. XX, lKH7 
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piobable that the famous scholar, Gerard of Cremona, was the trans¬ 
lator of one version of the Canones , or Canons, as Al-Zarqali’s com¬ 
mentary was called in its Latin form (1). 

Fn the Canons a clear exposition is given of how to find latitude 
in degrees by means of the astrolabe (2). Two methods are recom¬ 
mended. 

In one case you are to observe the sun; in the other the fixed 
stars (3). The solar method is briefly as follows. When the sun 
is in either sign of the zodiac, Ares or Libra — that is, when it stands 
on the celestial equator at the equinox (in other words, when perpen¬ 
dicularly above the terrestrial equator) — you must measure with the 
astrolabe its elevation in degrees above the horizon at noon. This 

(1) Steinschneider (op cit ., vol. XX, pp. 3 ff.) believed that there were two 

translations of the Canons of al-Zarq\l7 because the manuscripts fall into 
two groups which differ markedly from each other. Manuscripts in one of 
these groups bear the name of Gerard of Cremona. Unfortunately we lack 
confirmation of this attribution to Gerard in the list of seventy-four works 
of the great scholar of Cremona discovered by Boncompagni and published 
in the latter’s Della vita e delle opera di Gherardo Cremonese. . . etc. 

(Atti dell’ Accademia Pontifica de Nuovi Lincei, Anno IV, Sessione Vll del 
27 Giugno, 1851, Rome, 1851.) 

(2) Bibliotheque nationale, Mss, fonds latin, nos. 7198, fol. 13 vo. ; 7336, 
fol. 202 ; 7421, fol. 97- ; 16,211, fol. 5”. 

(3) Both of these methods were also described by the Moslem astronomers 
al-Khwarizmi and al-Battani. al-Khwarizmi explained them in the intro¬ 
duction to his astronomical tables which are now known through the Latin 
translation by Adelard of Bath in 1126 of a redaction made by Maslama 
al-Madjr7ti. See H. Sutrr, Die astronomischen Tafeln des Muhammed ibn 
Musa al-Khwarizmi, in der Bearbeitung des Maslama ibn Ahmed al-Madjrit? 
und der lateinische Uebertzung der Athelard von Bath (Memoires de VAcad. 
Rnyale des Sciences et des Lettres de Danemark . 7th Seiies, Section des Lettres , 
vol. Ill, n° 1, Copenhagen, 1914, pp. 18, 71). Al-BattaNi explained the 
solar method in Chapter XIV and the stellar method in Chapter VI of his 
Astronomy. See al-Battani sive Albatenii Opus Astronomicum, etc., edited 
by C. A Nallino (Pubblicazione del Reale Osservatorio di Brera in Milano, 
N° XL. Part 1, Milan, 1903, pp. 15, 29-30 . The Astronomy was translated 
into Latin by Plato of Tivoli about 1J40. Bibliotheque nationale, Ms, 
fonds latin, n° 7266, f A. 57 vo. C. H. Haskins, The Translations of Hugo 
Sanctelliensis (Romanic Review, vol. II, 1911) p. 2. Duhem, op. cit., vol. 
IV, p. 577. For discussion of other methods employed by the Moslems in the 
determination of latitude see C. Schoy. Die Geschichtliche Entwicklung der 
Polhohenbestimmung bei den alteren Volkern (Diss.) Munich 4911 and article 
by C. Schoy in Ann. des Hydrographie and maritimen Meteoroloyie , vol. 49, 
1921, p. 124-133. See Isis, IV, 401. 
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figure subtracted from 90° gives you the latitude (J). If. however, 
you want to find the latitude at some other time of year than that of 
the equinoxes, you must ascertain the number of degrees separating 
the sun from the celestial equator for the particular date on which 
you are to make your observations. This is easily found in the solar 



tables (which, of course, form a part of the astronomical tables on 
which Al-Zaiiuali’s Canons are a commentary). By adding it to the 
number of degrees at which you observe the sun to be above the 
horizon at noon when the sun is below (or south of, the celestial 
equator, by subtracting it when the sun is above (or north of) the 
equator, you have determined the position of the sun as it would be 
at the equinox. And from this figure the latitude may readil\ be 
found by subtraction from 90° as we have just seen 2). 

The method by observing the fixed stars is even simpler. Ml you 


(1> To repiesent this graphically, let circle in Figure 1 represent the 
earth. C. the center of the earth. EE 1 the equator, N the North V >le, O an 
observer, Z the zenith of 0, HH 1 a line drawn tangent to the ea’th’s surface 
through O representing the observer’s horizon, SE 1 and S 1 O ravs from the 
sun when th rt latter is on the celestial equat ir. Angle OCE* will then be 
latitude of 0. To determine this, O measures IPOS 1 ; but since OCE* 
and H*OSt+S'OZ 90°, UCE* 90* IP OS* 

(2) In Figure 1, lot S^O represent rays from the sun when the latter i north 
of the celestial equator and S ; 0 represent rays of the sun when south of the 
celestial equator. Angles S J 0>0 and S*OS* are determiiio 1 from tin* sol'ir 
tables. 0 measures angles IPOS 1 or angle IPOS 1 as the case may be ; 1> it 
HtOST-S'OS* IPOS* and IPOS* S»OS ? =lPOS« ; fr m IPOS* the latitude 
of O may be determined as explained in note * . 
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nmst do is to determine the elevation of the celestial pole above the 
horizon. To find this you select some star which never sets and 
measure the elevations above the horizon of the two points where 
this star cuts the meridian in its circular course around the celestial 
pole. The pole obviously is halfway between these two points, and 
the elevation of the pole in degrees above the horizon is the same as 
the latitude (1). 

To determine geographical longitude is not nearly as easy. No 
matter how far a traveller may go due east or due west the stars and 
the sun will appear to follow the same tracks through the sky and the 
pole to remain at the same height above the horizon. Geographical 
longitude has no relation whatever to the usual appearance of the 
heavens, and can be calculated only when we compare the time at the 
various stations the longitudinal distance between which we wish to 
know. Since the earth rotates — or, as the men of the Middle Ages 
thought, the heavens revolve — around the earth once every twenty- 
four hours, a difference in local solar time of one hour represents a 
difference in longitude of (360°: 24 hours =) 15°. In principle this 
is simplicity itself. The difficulty arises in the practical application 
of the principle. At the present day if we wish to find the difference 
in local solar time between two stations a number of means are open 
to us. We may carry an accurate chronometer set for the first to the 
second station and see how far noonday varies from the hour and 
minute which our chronometer records to be the time of the station 
we have left. Or we may compare the difference in time by telesco¬ 
pic observations of occurences in the heavens : eclipses of sun or 
moon or occultations of the satellites of Jupiter. From tables it is 
possible to ascertain the Greenwich time of these eclipses or occulta¬ 
tions; by comparing this with the local solar time at which we observe 
them to occur we may easily calculate the longitude. Indications of 
Greenwich solar time can also be transmitted by telegraph or wireless 
and in this way utilized in finding longitude. Essentially simple as 
they are, all of these observations require the use of complex instru¬ 
ments of precision. The ancient world and the middle ages did not 
possess chronometers, telegraphs and telescopes, and consequently, 
though the principle of time differences was understood, it was irn- 


fl) In Figure 1 let PNC and P ! 0 represent parallel lines from the earth to 
the celestial pole. 0 measures P^OH; but P l OH-4-P J OZ=90°; OGI^ + OCN— 
00° : P , OZ=OCN ; therefore P»OH=OCE* the latitude of 0). 
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possible to make use of it to any great extent. In antiquity a few 
attempts were made to determine longitudinal differences by the 
observation of eclipses, but the results obtained, so far as we know, 
were probably rather less accurate on the whole than could have been 
obtained by carefully executed route measurements or estimates. 

That scholars in Western Europe during the middle ages were well 
aware of the kind of observations that might be made to determine 
differences in local time is admirably illustrated in a little treatise 
which a certain Walciier of Malvern wrote sometime between 1107 
and 1115 and a passage from which has been published by Professor 
Haskins. Walcheii tells how, on October 19, 1091, during a visit to 
the eastern part of Italy, he noticed an eclipse of the moon in the west 
shortly before dawn. He was prevented from making accurate 
observations of the eclipse because he had no clock and because clouds 
obscured the moon before the shadow had passed off its face. 
Desirous of finding the difference in time between Italy and England, 
Walciier on his return home asked another monk whether he had 
Hen the eclipse. The latter’s reply, as related by Walciier, gives us 
a glimpse of life in the midst of a rather technical astronomical 
discussion. We can picture to ourselves the brother, home late after 
his dinner. Suddenly one of the household who had stepped out for 
a moment, comes back in a state of intense excitement, declaring that 
a horrible prodigy is visible in the moon. The monk goes rail and 
>t-f s (hat it is an eclipse: he notes that the hour is still before mid¬ 
night and the moon still in the eastern half of the heaven. From 
this information Walciier concludes that the difference in time and, 
hence, tin 1 2 distance in longitude, separating England and Italy is Iiv 
no means inconsiderable, for in one case the eclipse occurred 
noticeably after midnight and in the other noticeably before 1 . 
Of course, from rough, haphazard observations of this sort, Wm.cim r 
could not have been expected to determine any figure In a specific 
number of degrees as representing the difference of longitude in 
question. 

It seems likely that Wuciikr was acquainted with ih * work of a 
converted Jewish astronomer, Peter Alpuonsi, in whose hialoqus we 
find a clear exposition of the principles of difference in lime ( g 2 . 


(1) C. H Haskins, “ The Reception of Arabi • Science jn England 
{English Historical Itcrinr, vo|. X.VX, January, 1915, p 57.) 

( 2 ) IWskins, op cii ., pp 50. 57. (it. 
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The Dialog us (I) is in the form of an argument between Peter and 
a Jew named Moses in which Peter refutes the errors of the Jewish 
doctors and thus tries to clear himself of various insinuations that 
had been made against the sincerity and orthodoxy of his newly- 
adopted Christian faith. In the first part of the dialogue Peter 
accuses the Jews of revealing most profound ignorance of the true 
nature of God and of the form of the universe. He cites as an 
example their absolutely literal interpretation of the text of Esdras : 
(( The host of heaven adoreth thee » (Exercitus coeli supplicat 
tibi) (2). It is ridiculous, he argues, to infer from this that, because 
the stars descend to the west and do obeisance to God, the abode of 
God must therefore be in the west. The terms « west » and « east » 
do not denote absolute localities; they are merely expressions design¬ 
ating relative positions; « west » for one man may be « east » for 
another. Furthermore, Peter goes on to show as corroborative 
evidence, that the hours of sunset and sunrise vary in different regions 
east or west of each other. This leads to a discussion of the amount 
of these differences in local time. Peter explains how r a time-dif¬ 
ference of two hours is equivalent to a difference in longitude of 
thirty degrees, and then proceeds to put the unfortunate Moses 
through an elaborate series of calculations of different times at cities 
30° E. and 30° W. i 3) of the hypothetical city of Arin (4). Peter 

(1) Bibliotheque Rationale, Ms, fends latin, n° 10722, fol. 3 ff. Also in 
Migne, Patrologia latina , vol. CLVII, cols, 535 ff. 

(2) n Esdras, IX, 6. 

(3) The text in Migne, op. cit.. col. 544, runs as follows : « Cum hide, 
inquam, civitati sol coeperit oriri , quaenam hora erit illi civitati quae sexaginta 
gradibus distat ab occidente civitatis Aren't » In the Ms cited above, fol. 7 ro., 
the figure XL is given instead of sexaginta, but other references to the same 
hypothetical city both in the Ms and in Migne’s version give the distance as 30°, 
which is obviously the correct reading in this passage as well. 

(4) Acc ording to Moslem astronomers, Arin was a city on the equator half¬ 
way between the prime meridian in the far west and the anti-meridian in the far 
east. They placed the meridian of Arin arbitrarily 10° to east of that of Baghdad. 
The conception of Arin was probably borrowed from the Hindus; through trans¬ 
lations from Arabic works it became familiar to Occidental astronomers and geo¬ 
graphers of the late middle ages and Renaissance. See J. T. Reinaud, La 
geographic cTAboulfeda, vol. I, Pari:*, 1848, pp. ccxxxm ff.; O. PeSchkl, 
A bhandlungen zur Erd-und Volkerkunde , vol. I, Leipzig, 1877 pp. 48-57; 
C. Schoy. Langenbestimmungen und Zentralmeridian bei den alteren Volkern. 
Mitt, cler K. K. geog. Ges. in Wien , vol. 58, 1915, p. 45-57, see Isis, vol. Ill, 
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asks Moses what time it will be when the sun is setting at Aria, when 
the sun is rising at Arin? What time it will be at Arin when the sun 
is rising in the other cities? And so on. Moses answers these ques¬ 
tions satisfactorily as would a bright scholar in mental arithmetic. 
Peter concludes this part of his argument by showing Moses that 
the fact of differences in time may be established because the same 
eclipse of the moon appears earlier or later and further east or west 
in the heavens to observers separated by any considerable distance 
in the sense of longitude. 

From these and other examples, which might easily be cited, we 
see that the general principle of differences in time and its relation 
to differences in geographic longitude were very well understood. 
What was known and what was done in the way of making practical 
application of this principle to the definite determination of the 
longitudes of fixed points? On the whole, not a great deal. As a 
matter of fact it cannot be emphasized too strongly that the little 
interest which the men of the Latin West fell in the whole question 
of latitudes and longitudes was astronomical and astrological, not 
geographical. They wanted to know the astronomical positions of 
cities in order to transpose solar, lunar, stellar and other tables based 
on the meridian of one city to the meridians of others. In the 
astronomical treatises of the time directions are given for making 
>nch transpositions. For example, in the preamble to a set of tables 
for Marseilles, worked over from Al-ZarualFs Canons on the Toledo 
Tables . we find a detailed rule for the construction of tables for other 
meridians than that of Marseilles by observing the differences in 
time between eclipses seen at Marseilles and at the places for which 
the tables are wanted < I). Nor was the eclipse method the only one 
understood in principle at least during the twelfth century. 
Ckiuhii of Gre.monn shows that lie was acquainted with another. In 
the Theorira planetar nm , a brief treatise on aslronomy linked on 
I >T oi. km vs MmayesL lie writes : << When the moon is on the meridian, 
if you compare her position with that given in tin* lunar tables for 
some other locality, \oii may determine the difference in longitude 
between the place where you are and that for which the lunar table* 
were constructed by noting the differences in the position of tin* 
moon as actually observed and a* recorded in tin* table.*. It will not 


(1 Hibli lhArjuc uati r.n’o, Ms, fonds laiiii, n 1 17*11, fo tin, 1. <* 
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hr neressniy for yon to wail for on eclipse »> (1). That is to s;iy, in 
the interval Hint intervenes between the same moment of lorn] solar 
time at two different (minis, the moon will change her position 
slightly bemuse of her motion on her own orbit.. I*y noting aeenr- 
iitely the distance separating these two positions of the moon, the 
difference in longitude may he calculated. (liaium did no more Ilian 
propose this calculation as llieoretimlly possible, and he gave, in this 
eonneelion certainly, no further details as to how it might actually 
he worked out. It probably was not used for finding longitudes 
until the sixteenth eentury (2). 

Though these various methods were known to astronomers and 
astrologers, there is nothing to show' that any large number of posi¬ 
tions were determined by astronomical means. We know, however, 
that between the twelfth and fourteenth eenturies, tables were con¬ 
structed for tin; meridians of at least a dozen eities; wo have in 
manuscript such tables for Toledo ()>), Marseilles (4), Hereford (o), 
London Ml), Toulouse (7), Cremona f8), and Novara (0), and we 


(1) « Luna exit lent c in medio e<rli si trfjuavcrin earn per tabula * alicuius 
reyionis sides longitudinem inter regioncs per di//erentiam loeorum lame, : 
et non ojiortebil te cxpcctnre eclipsim. » Theorica Rlanetarnm (Iickaiuh errmo- 
nensis ustrouomi eclebratissimi. Impressa Venetiis per Kkancikcijm Ricnnkk 
de llailbnm, MCCCCLXXVIII, fourth page before explicit . .See also Itiblin- 
ihfrpic nationale, Ms. Fends Latin, n°742l, fol. ]3Hro. 

(2) Gkiiaiid apparently refers to the so-called •< lunar-distance *» method of 
finding longitude, suggested by IheeAHcius and first described in detail by 
WicjtNicit early in the sixteenth century. See 0. Picseinm, Gescbichtc der 
h'rdhtoidcy etc., p. 404, and L. Gaij.ois, Les gttographes allrmauds de In 
Renaissance , Paris, 1800, j). J22. On other methods of determining longitude 
known to the Moslems, see C. Somov, op, cit ., pp. .'17-43 

•3) Itibliotb0f|ue nationale, Mss, binds latin, u os 7)08,7330, 7-100, 7421. 
10211, 10058. See also Stkinsoiinkidkk, op. eit ,, vol XX, pp. 10-11. 

(4) Bibliothotpio nationale, Ms, fond* latin, n° 14704, fol. 110, col. a t.o 
fol. 135 vo. 

(5) Haskins, op. eit ., p. 00. 

(<») ltibliothe<|iie nationale. Ms, fonds latin, n°7272, fol. 60, col, a to fol. 07, 
col. d. Dim km, op. cit., vol. Ill, p. 231 . 

(7) lhblioilnjrjuo nationale, Ms, foods latin, n° 100)58, which contains the 
Toledo ' Tables , on folio 71vogives various tables for Tolosu (Toiilou«c). See 
below, p. 02, note 1, p. 04, note. 3. 

(/■<) In the Toledo Tables as included in Hiblinththpic nationale, Ms, fends 
1 Jin, n° 10)211, fol. 4iro, there is a table entitled : Tabula clcvationurn sir/no¬ 
tion ail nr it item ernnone cuius lutitudo 4 !i° bore nut cm cquinOctialcs li e 
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have clear evidence that similar tables were in existence in 1232 for 
Paris, Palermo, Pisa. Constantinople and f.enoa (1). 

In their construction some sort of astronomic observations must 
have been made and it is more than likely that the eclipse method of 
finding longitudes was given practical application. That this was 
done in the case of tables for Hereford, Marseilles, and Toledo is 
certain, for bur.Ku or IlKiirroitD, who adapted the Toledo Tables to the 
meridian of his city, tells us that the time of the eclipse 
of September 12th, 1I7S, was observed in these three cities and that 
their longitudes in relation to Arin, the world center, were in that 
way determined (2). It will also become evident from what follows 
that the 1 relative positions of several other points in Kurope were 
known with sufficient accuracy to warrant ns in concluding that the 
differences in longitudes separating these points had been calculated 
by astronomical means. 

before explaining this a few words should be said about a list of 
cities and other places that accompanies the Marseilles Tables and 
most of the Latin versions of the Toledo Tables. This list, which 
gives the astronomical coordinates of various stations, was appended 
at the end of the tables as an aid to whomsoever might wish to 
transpose the tables to the meridians and parallels of these stations. 
Having all the appearance of definiteness and precision, these fig¬ 
ures arouse our curiosity and cause us to ask ourselves : 1" what were 
their sources? 2” what were their characteristics? and T to what 
extent wore they understood and put to geographical use? 

51 vim. These tables belong to die group attributed to (>kh.\ri> ok Cremona 
(see above, p.7K,n. 1). The same figure, 45",for the latitude of Cremona is found 
in a Ms of the Toledo Tables in die Ksrorial and has hern cited as an argument 
that Cremona in Italy and not. Carmona in Spain, in about latitude 37* 20 N., 
was the home of (JkraiU). H. Honcomiwoni maintained that Orrarp himself 
had calculated die latitude of Cremona, b. Hon< omkaom, op. nt., pp. 00*01 

(0) In the Toledo Tables as included in Hihliolh^que natioiiale, Ms, fends 
latin, n° 7400, f<>|. 08ro., ihore is a Tabula tnedii nwlits sobs in annis domiui 
nostri Jhexu f'bristi ail meridiem noaarie cuius longitudo ah nccidente es( 
50 grad nun i et 15 minutoruvi el alt dado poll super eirculum emisperir 
■'ib graduum. 

(1) 'riic.se are mentioned in dm preamble to London Tables of 1232, bibiin- 
th^que nationalc, Ms, funds latin, n° 7272, fnl, <77, col. c. See Dcukm, op. nt., 
vol. Ill, pp. 231 *238. 

(2) britiah Museum, Arundel Ms, n 377, fol H0r<»., 2 n,f col. On olher 
melhods of determining longitude known to dm Moslems, i ec C. Scimr, op. 
eit , pp. 37-43. 
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1. I cannot say much regarding their sources. Adequately to trace 
back their derivation would lead us into semi-explored realms of 
Moslem geography and paleography and to the solution of problems 
lying far beyond the field of this paper. In general we may look 
for their original inspiration to the Geography and the Almagest of 
Ptolemy as revised first by the astronomers of the Eastern Caliphate 
at the time of Al-Ma’mun, and later by Moslems of the west. In this 
respect, the figures assume a peculiar interest inasmuch as they 
represent relics of Ptolemy's Geography in Europe. The Geography 
otherwise was virtually unknown to the Latin world until the fif¬ 
teenth century (1). But though the influence of Ptolemy is 
undeniable, his geographical tables has passed through the hands of 
so many translators, editors, adaptors, and copyists — Syrian, Moslem, 
Spaniard, Jew, and Latin, — so many errors, alterations, and, as we 
shall see, even improvements had crept into them, that by the time 
they reached the west in the twelfth century they were changed 
almost beyond recognition. They had assumed essentially Moslem 
characteristics, and in so doing had lost the universal nature of the 
original text of Ptolemy. We can understand this better by examin¬ 
ing the figures themselves in greater detail. 

2. The list includes the names of some seventy odd places of which 
nearly sixty are in the Moslem world, more particularly in North 
Africa, Arabia, Syria and Mesopotamia. Isolated names like Rome, 
Sardinia, Thule, Paris and Sicily fall outside the realms of Islam. 
Latitudes and longitudes are given, following the manner of Ptolemy, 
in degrees and minutes with a great semblance of accuracy. Longi¬ 
tudes are measured from a prime meridian in the west. In the 
manuscript of the Marseilles Tables , dating from the twelfth century, 
the figures are expressed in Roman numerals, but in all the manus¬ 
cripts of the Toledo Tables that 1 have examined, all of which are 
later than the Marseilles Tables , they are given in Arabic numerals. 


(1) Ptolemy's Geography was known to Orosius in the fifth century and 
perhaps to John Scot Erigena in the eighth. Unknown in the west during 
the later middle ages, the first translation to be made in relatively modern 
times was begun by Emmanuel Chrysoloras and completed by Jacopus Angelus 
early in the fifteenth century. The immense subsequent popularity of the 
Geography needs no comment. See A. E. Nordknskiold, Facsimile Atlas to the 
Early History of Cartography , translated from the Swedish original by 
J. A. Ekklof and Clements R. Markham, Stockholm, 1889, pp. 9-10. 
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The diagram below (figure 2) upon which are plotted the positions 
of the places given in the list found in the Marseilles Tables , shows 
the kind of map that might have been constructed from these data. 
It is striking to note how much more accurate such a map would be 
than the map of Henry of Mainz, a typical example of contemporary 
cartography sketched in outline in the inset (figure 2). 



FicfURk 2. — In this diagram the coordinates of the cities and other points 
given in the list of geographical positions appended to ihe Marseilles Tables have 
been plotted. The key below shows the names as they are given in the 
Marseilles Tables and the tigures converted into Arabic numerals. In four 
cases the figures of the Marseilles Tables have been corrected from the 
corresponding lists in the Toledo Tables and these corrections are shown in 
parenthesis. The outline of the coast, arbitrarily indicated by a shaded band, 
is shown merely to give some idea of the type of map that might have been 
constructed from these data. This may be compared with the Hrnrt ok Mainz 
map shown in outline in the inset. The original Hknry op Mainz map reveals 
far greater detail and upon it cast (not north, as in this figure) is as ihe top. 




Long. K. 

1 ju. N. 

1 . 

Tangea . 

G°30' 

3.».y 

2. 

Cepta. 

8*0' 

35*20' 

3. 

Corduba. 

<J«20' 

3M»30’ 




Lodk H. 

LaI. n 

4. 

Toletum . 

11 (V 

4 0«(V 

5. 

Sigdmessah . 


22°(V 

6. 

Gan a . 

15«30' 

io*4:» 
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7. Sedes regis 

Long. E 

Lat. N. 

Francorum . 

23*45' 

45*50' 

8. Insula tule . 

10*0' 

58*10' 

9. Cartago . . . 

27*0' 

37*0' 

10. Tuniz 

29*0' 

38*0' 

11. Emerita . 

8°0' 

41*55r 

12. Balgh . . . 

100*35' 

(108*35) 

38*10' 

13. Albeyt . . 

130*0' 

38*0' 

Regia cieici vitas 

177°0' 

18*30' 

14. Aracah . 

73*36' 

36*0' 

15. Mecha . 

67< 0' 

21*0' 

16. Gedda 

66*30' 

20*15' 

17. Almedina . 

65*20' 

25*0' 

18. Algoz . . . 

63*50' 

24*0' 

19. Yspaen . 

75*0' 

34*30' 

20. Aire .... 

86*0 

37'30> 

21. Fargana . . . 

86*0' 

36*0' 

22. Goarizmi 

91°50' 

i 

12*10' 

(42*10') 

23. Chebil . 

100 0' 

28*0' 

24. Albahra . 

74*0' 

31*0' 

25. Hamen . 

84*30' 

19*45' 

26. Adramauht . 

71*0' 

12*30' 

27. Sanaa 

63*30' 

14*30' 

28. Armenia. 

77*0' 

41*0' 

29. Buchare. 

107*20' 

36*50' 

30. Cerendin 

125*0' 

3*0' 

31. Almedia. 

32-0' 

36*0' 

32. Cireneti . 

31*0' 

35*30' 

33. Insula sardania. 

31*0' 

38*0' 




Lonjj. E. 

Lat. N. 

34. 

Roma. 

35*25' 

41*50' 

35. 

H’abiz . 

36*0' 

32*0' 

36. 

Insula morelani 

37°0' 

37*0' 

37 

Insula sicilie . 

36°0' 

39*0' 

38. 

Malta . . . 

38*0' 

36*0' 

39 

Trabuluz 

40*0' 

33*0' 

40. 

Barca. 

47*3' 

31*0' 

41. 

Alexandria . 

51*20' 

3\°(y 

42. 

Dimiath . 

54*40' 

31*0' 


Veniz 

54*40' 

31 0' 

43. 

Eraclia . 

52*25' 

46*35 r 

44. 

Urbs a nuba 

53*0' 

14*30' 

45. 

Bagdeth . 

80*0' 

33*25' 

46. 

Messera . 

o 

o 

30*0' 

47. 

Alcuzum. 

56*30' 

28*20 f 

48. 

Assuen . 

56*0' 

22*30' 

49. 

Alcarme. . . 

55*40' 

31*30' 

50. 

Aschalem . 

55*40' 

32*0' 

51. 

Aranida . 

56*0' 

32*15' 

52. 

Jerusalem . 

56*0' 

32*0' 

53. 

Sur .... 

57*0' 

33*0' 

54. 

Alconstantina . 

44*0' 

45*0' 

55. 

Damascus . 

60*0' no figure 



(33*10') 


Cesar augusta . 



56. 

Trabuluz 

6035' 

34*0' 

57. 

Trabuluz . . 

64°0' 

35*30' 


Almogd . 

64°0' no 

figure 

58. 

Alcufa . 

64°30' 

31*50' 


(69*30'; 


A careful examination of the figures reveals two matters of especial 
interest : a) They record the results of an important revision of and 
improvement over the figure given by Ptolemy for the total length 
of the Mediterranean Sea; b) Certain additional figures appended to 
the list, as given in the Toledo Tables only, throw light on actual 
observations that were carried out in Europe. 

a) If we consider the extent of the known, or better, the well-known, 
world before the great age of discovery we see that of all the distances 
in the sense of longitude, the one which was of most fundamental 
importance from a geographical point of view was the distance from 
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one end to the other of the Mediterranean Sea. Ptolemy had grossly 
overestimated this with the result that Southern Europe, and Italy in 
particular, appeared rudely distorted on all the Ptolemaic maps of 
the fifteenth and sixteenth centuries and the error was inherited even 
in seventeenth century cartography (1). The Moslems, however, had 
long since corrected Ptolemy’s error. It was understood by Moslem 
astronomers during and after the twelfth century of our era that the 
Mediterranean was about 42° long, not 62° as the Greek geographer 
would have had it. This Moslem improvement over the work of 
Ptolemy has long been familiar to students of the history of geogra¬ 
phy. Pesciiel describes it in his Geschichte der Krdkunde (2 My 
purpose is to show how it became known in Western Europe during 
the Middle Ages. Not only were the great centers of Moslem civi¬ 
lization at either end of the Mediterranean, in the Levant and in Spain, 
connected with each other by much travelled sea and land trade-routes, 
but astronomical observatories were established in both regions. 
These two circumstances gave the Moslems unusually good opportun¬ 
ities for finding the length of the inland sea both by means of 
astronomical calculations and by the reckoning of itineraries and sea 
voyages (3). In the ninth century, the astronomer Al-Khwaiuzm! bad 
compiled geographical tables in which Ptolemy’s estimate of the length 
of the sea was reduced from 02° to about 52°. Al-Khwaiuzm'i used 
Ptolemy’s prime meridian, that of the Fortunate Isles or Canaries, 
and the stations he gives in the western borderlands of the Mediter¬ 
ranean fall in about the same longitudes as those of Ptolemy (4). 

(1) The cartographers of the famous Dutch school of the sixteenth and 
early seventeenth centuries overestimated the length of the Mediterranean 
by 10°. The correct length was not finally determined until 1093-169} by the 
French astronomer, Dk Chazhi.lks. See Pkscukl, Geschichte der Krdkunde % 
pp. 004-055 ; Christian Sandi.kr, Die Reformation der Kartographie um J~UU, 
Munich and Berlin, 1905, p. 8. 

(2) Pkscukl, op. cit ., pp. 139*140. 

(3 Pkscukl, op. cit., p. 130. 

'4) This is shown by the fact that many of al-KiiwuaizmT’s longitude 
correspond with those of Ptolksiy. C. A Nai.lino, al-Kiiwa kiz.vT r il suo 
rifneimento della Gcografia dt Tolomko (Atti della R. Acead. doi 1 incei, 5 
Sene, Clas.se di Scicnze morali, stor., « filol. Metnorie vol. II, [jail I, pp. *34 
25). It is probable, however, that al-KhwaRIZmF himself believe! that be was 
using a different prime meridian because he assigns to the Fortunate Isles 
themselves a longitude of 3° to 5° K II. von Mzik, Ptoi.kmu h und die Kartrn 
dsr arahisrhen Geoqraphen Mitteilungen der k. k. geog. Ccscllschaft in Wien, 
vol i. viii, 1915) pp. 164-165. 
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On the other hand he moved points in the regions near the eastern 
end of the sea about 10° to the west (1). Many of Al-Kiiwaiuzmi’s 
figures are to be found in the list which we are studying. 

Ptolemy’s error, however, was 20°, not 10°. We have evidence of 
a Moslem estimate of the longitude of Toledo, which, had it been 
applied to the construction of a map, would have necessitated the 
complete elimination of this error. In the preamble to the Marseilles 
Tables (2) and elsewhere (3) it is explained that the difference in 
time between Toledo and Arin, supposed to be on the equator halfway 
between the prime meridian in the west and the anti-meridian in the 
east, was four hours and one tenth. This gives a difference in 
longitude between Arin and Toledo of 61° 30'. Now the longitude 
of Arin was arbitrarily fixed at 10° east of Baghdad and consequently 
this would assign to Toledo a position of 51° 30' w r est of Baghdad 
within 3° of the true figure — instead of 69° west of Baghdad, or 
about 20° too much as Ptolemy had it (4). It seems probable that 
the correction of the longitude of Toledo was the result of some actual 
measurement, made possibly by Al Zarqali himself and possibly 
based on the observation of a lunar eclipse (5). 

However it may have been arrived at, the determination of the 
distance between Toledo and Arin had the important consequence of 
necessitating a revision of the position of Toledo in relation to the 
prime meridian. According to Ptolemy, Toledo lay at 10° east of the 
meridian of the Fortunate Isles; according to Ai -Khwarizmi it lay at 
11° east. The figure 11° for the longitude of Toledo is given in many 
of the manuscripts of the list of cities. If, however, the new cal¬ 
culation would make the interval between Arin and Toledo only 61° 30' 
and if, as was assumed, Arin lay 90° east of the prime meridian, it 
followed that Toledo must be 28° 30', and not 10° or 11° east of the 
prime meridian. In other words a new prime meridian had to be 
adopted to replace that of the Fortunate Isles. We have abundant 
evidence that such a prime meridian was adopted and was measured 


(1) Nallino, op. cit.y pp. 24-31. 

>2) Bibliotheque nationale, Ms, foods latin, n® 14704, fol. 116, col. c. 

3) Notably in Bibliotheque nationale, Mss, fonds latin, n 08 7272, fol. 67. 
col. c ; n° 7406, fol. 24ro, col. 2. 

(4) According to Ptolemy, Baghdad (Babylon) was in longitude 79° E., 
and Toledo in longitude 10° E. 

(5: Pkschel, op. cit ., pp. 138-139. 
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from a hypothetical point on the equator at what was supposedly the 
extreme westernmost limit of (he land (1). 

b) Coming to the second point of interest in regard to these fig¬ 
ures for latitudes and longitudes, we find in later manuscripts of the 
Toledo Tables that there are added a few supplementary entries 
showing the positions of various European cities not given in earlier 
copies of the list such as the one appended to the Marseilles Tables (2). 
These additional entries, so far as l have been able to examine them, 
are all in manuscripts of the fourteenth century or later, though this 
does not mean necessarily that the figures themselves may not have 


1 1) This point was sometimes referred to as Gades Herculis, as, forexemple, 
by Gerard of Cremona in the Theorica planetarum : « Ann distat ab 
utrisque gradibus, scilicet Alexandri et Herculis aequaliter sub aequatore posi- 
tis: Distat enim a gradibus Herculis positis in oceidente. 90. gradibus, a gradibus 
Alexandri positis in orienti. 90. gradibus, ab utroque polo. 90. gradibus - 
Theorica planetarum. loc. cit. p. 14, n. 1. Thus we see that the 
Pillars of Hercules were transferred by mediaeval astronomers from the 
Straits of Gibraltar to the uttermost coniines of the west. Certain anonymous 
astronomical canons in the Bibliotheque nationale, Ms, fonds latin. n° 15717, 
fol. 137ro. place London at 32° E. arid Toledo at 28 1/2° E. of the Gades 
Herculis. Roger Bvcon speaks of the true west * marked by the extremity 
of terr a fxrma under the equator* and from the meridian of which the longitude 
of Toledo is 29° to the east (The Opus maju.s of Roger Bacon, edited by 
J. H. Bridges, Oxford, 1897, vol. 1. p. 29V. See also Duhem, op. cit., vol. 
Ill, pp 503-504,. The Alphonsine Tables also describe this meridian thus : 

- Alio modo accipiunt occidens in loco versus occidentem distantem a dicta 
civitate A rim 90 gradus et istud vocant occidens verum per eo quod ab illo loco 
usque in orientem sent gradus 180 qui sunt media pais celi et arim tnnc 
esi in medio distans aequaliter ab oriente et oceidente scil. a quolibet ipsoruni 
per 90 grades et istud occidens verum est ultra occidens habitatnm per 17 
grades et 30 minuta.« Pkschkl, op. cit., p. 139, n. 4. 


(2) The following table shows these additional figures as given in four 
manuscripts of rhe Bibliotheque nationale, fonds latin : 



Ms. no. 7198 Ms. no. 7406 

Ms. no. 7421 

Ms. no. 

16211 


Fol. 

1*0 ro. Fol. 

58 vo. 

Fol. 

203 vo. 

Fol. 93 

vo. 


Lon#. K 

. I.ul. N. lyoiK K 

. Lat. N. 

Loiik. F 

Lai. N. 

Ixmjk K. 

Ijii. V 

Tolosa . 

— 

— 40"47' 

45°tV 

40°I7 

f 45°C»' 

40°47* 

•1000' 

Paris 

— 

— 

48°50' 

40°3l) 

' 4K r -5M # 

40*00' 

is*5n' 

Marseilles . 

37°0o' 

i roo’ 

— 

— 

— 

45°Oo' 

— 

Novara. 

— 

— :to° l r, 1 

45°0' 

30° 15 

’ 45°0' 

30*55' 

■ir.°oo' 

Cremona . 

3 POO' 

ir»*on’ 


— 


31*30' 

45*00' 

Naples . 

36°38' 

42" 10' 




— 

— 

Florence . 





— 

33025' 

12*3n 
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been determined at a much earlier period. From various other 
twelfth and thirteenth century sources we find indications of the 
latitude and longitude of several European stations which may be 
used to corroborate, correct, and add to the data given in the various 
copies of the list (I). By putting all this material together, it has 
been possible to construct a table showing the positions of certain 
points as given by the mediaeval astronomers, as they actually are, 
and the amount of error revealed by the mediaeval figures. In making 
this table 1 have referred all figures of longitude to the meridian of 
Toledo, which 1 have assumed to lie 28° 30' (29° in the case of Hereford) 
east of the western prime meridian. The figures of longitude given 
in my table, then, are the figures given in the manuscripts minu^ 
28° 30' in each case (2). 

Longitudes from Toledo Latitudes north 


As given 
in Mss. 

1. Hereford . 9°E. 

5°W. 

2. London . 4°E. 

4°30'E. 


As given 

Actually Error in Mss. Actually Error 

1°17'E. +7°43' — — — 

lol7'E. —6°17' — — 

3°55'E. 5 f 51°N. 51°32' — 0°32' 

do. -f 35' — — 


(1) One manuscript of the Toledo Tables includes tables for Tolosa which is 
placed in latitude 42°45' and in longitude 50° west of the meridian of Arin, or 
40° east of the western prime meridian. — Bibliotheque Rationale, Ms, fonds 
latin, n° 16658, fol. 70 ro. Roger of Hereford in his arrangement of the 
Toledo Tables for Hereford tells us that Marseilles is in longitude 45° E., Here¬ 
ford in 24° E., and Toledo in 29° E. — British Museum, Ms., Arundel, n° 377, 
fol. 86 ro., 2nd col. A gloss in the manuscript of the Bibliotheque nationale, 
fonds latin, no 7406, fol. 10 ro., gives the same figures for Marseilles and Toledo 
but assigns to Hereford the far more correct longitude 38° E. Certain anonymous 
astronomical canons of the twelfth century place Loudon 32° 1/2 E. of the Gades 
Herculis (see above, p. 91, n. 1). From tables for London dating from 1232 and 
preserved in the Bibliotheque nationale (Ms, fonds latin, no 7272, fol. 67, col. c. 
See also Duhem, op. cit ., vol. Ill, p.233, note 6) we are led to infer that London 
lies at 33° E. and at latitude 51° N. Finally the Speculum astronomiae, usually 
attributed to Albertus Magnus, but perhaps the work of Roger Bacon, assigns 
to Barcelona a longitude of 4047 f E. and states that this is the same as the lon¬ 
gitude of Paris. — Speculum astronomiae , chap. 2, as cited by Duhem, op. cit.t 
vol. IH, p. 216. On the authorship of this work see Pierre Mandonnet, Roger 
Bacon et le Speculum astronomiae (1277). ( Revue ndo-scholastique de philoso¬ 
phies Louvain, 1910), pp. 331 ff. 

(2) The sources from which these figures have been calculated are indicated 
above, p. 84, notes 3, 7 and 9, p. 91, note 2; p. 92, note 1. 
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3. 

Paris . . 12°E. 

6°20’E. 

+5»40’ 48”50' 

48”50' 

nil 

4. 

Marseilles. 16°30'E. 

9°22'E. 

—J—7°8' 44° 

43“17' 

-t- 

CO 

5. 

Tolosa . 1‘2»17'E. Touiouse4-27'E. 

+7”50' 40” 

Toulouse 43°3b' 

—3”36' 




42»45' 

do. 

—0»51 r 


Tolosa 

1°59'E 







45”6' 

do. 

+ 1”30' 

6. 

Toledo . 0° 

0° 

0" 

39°54' 39°51' 

+0°3' 

7. 

Barcelona 12°17'E. 

6°9'E. 

+6”8' 

— — 

— 

8. 

Cremona . 2°30' 20° E. 

14°1'E. 

—11“31'(5”59' 

45° 45°8 r 

— 0°8 r 


3°(20°30')E. 

14°1'E. 

— ll»l , (6' ! 29'i 

— — 

— 

9. 

Novara . l°45 r 19M5')E. 

12°35'E. 

— 10“50'(i)°40') 

45* 45°30' 

—0*30' 


2°25'(]9"55 r )E. 

12°35'E. 

—10>10’(7«20') 

— — 

— 

10. 

Florence . 4°55'(22°25')E. 

15°14'E. 

—10”19'7»11') 42”30' 43“47' 

— 1 0 1 7 f 

11. 

Naples . 8’8 f (2o 0 38')E. 

18°15'E. 

—10“7' (7”23') 42”10' 40»5()' 

4 - 1 °2n 


In examining this table we note in the first place that the accuracy 
of the latitudes contrasts with the inaccuracy of the longitudes (1), 
a circumstance that is not surprising in view of the relatively greater 
ease of finding latitude. There are two kinds of error in longitude. 
All cities in Italy are placed between 10" and II 1/2° too far to the 
west, or in the same longitude as points in eastern Spain. Other 
cities (with the exception of Hereford, according to Roger of Here¬ 
ford (2), and of London), are all placed between 5 1/2° and 8° too far 
to the east. 

The figures for the Italian cities are undeniably absurd as they 
stand, but the explanation of this absurdity is simple. The Italian 
longitudes cannot be referred to the same prime meridian as that to 
which the other longitudes are referred. They should rather be 
reckoned from Al-Kiiwmmkmi's meridian of the Fortunate Isles, 11° 
west of Toledo, not from that of Al-Zarqau 28° 30' west of Toledo. 
That this would probably be the case is only to be expected when we 
consider that the figures for the Italian cities are all appended to a 
list of cities in which the positions were presumably reckoned from 
Al hnw^m/Mi’s meridian. It is proven by the assertion in one ina- 


(1) The only errors in latitude which exceed l°arc in two ahernaiive figures 
for Toulouse and in the figures for Naples and for Florence. These are probably 
due to errors on the part of the mediaeval clerks. 

(2) The figure in Rogkr op Hkkkhord arrangement of the Toledo Table, 'see 
above, p. 92. n. 1 which places Hereford to the \cest of the meridian of Toledo is 
undoubtedly a copyist’s error. 


94 


JOHN KIRTLAND WRIGHT 


nuscript that Cremona is 20° east of Toledo (1) which would neces¬ 
sitate placing the former in longitude (28° 30' -f 20° =) 48° 30' east 
of Al-ZabqalPs meridian and not in longitude 31 w or 31° 30' east, as 
the tables give it (2). If then we are to refer the Italian cities to the 
prime meridian of Al-Zarqali, we must correct their longitudes by 
adding the difference between 28° 30' and 11°, or 17° 30', to each 
figure. The corrected results are given in parenthesis in my table 
above. 

When these corrections are made it immediately becomes apparent 
that the errors for the Italian cities correspond closely to the errors 
for the cities of Spain, France, and England. The Italian cities fall 
between 5 1/2° and 7 1/2° too far to the east in much the same manner 
as Hereford, Paris, Marseilles ,Toulouse (3).and Barcelona. To put 
this somewhat differently, all the stations (with the exception of 
London and Toledo) will then form a group the individual members 
of which are placed with relative accuracy in relation to one another, 
but which as a group are all misplaced between 5 1/2° and 8° too far 
to the east of Toledo. Toledo and London themselves on the other 
hand are accurately placed in relation to each another. 

Are we not justified in concluding from this that the errors of 
from o 1/2° to 8° may be attributed to a single initial error in the 
estimation of the number of degrees between the meridian of Toledo 
and that of some intermediate station (perhaps Marseilles) from which 
the positions of the remaining stations were then calculated with only 
slight errors (4)? Of course, since the latter positions were all stated 
in degrees measured from prime meridians themselves arbitrarily 
fixed at either 11° or 28° 30' west of the meridian of Toledo, the 
initial error in the estimation of the longitudinal distance between 
Toledo and the intermediate station appears in the figures for all of 
the stations except Toledo and London. The longitude of London, it 


Cremona distet a Toledo in oriente per 20 grad us longitudinis — 
Bodleian Library, Ms, n°. 1487, Laud. k. 61, fol. 47, cited by Steinschneidkr, 
op. cit. 9 above, p. 77, n. 2, vol. xx. 

(2) See above p. 91, n. 2. 

(3) That Toulouse is meant by the Tolosa of the tables would seem to be 
demonstrated by the fact that the error for Toulouse (7°50 r ) corresponds with the 
other errors whereas that for Tolosa in Spain (10° 18') is not at all in keeping 
with the other figures. 

'4) The largest possible error in this case would be 2° 10'. 
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would seem, was calculated directly and with precision from the me¬ 
ridian of Toledo. 

It appears, then, that the astronomers of the twelfth to fourteenth 
century had determined with a correctness that is somewhat surprising, 
when we consider the crude means of calculation at their disposal, 
the relative positions of London and Toledo on the one hand, and of 



as given in the manuscripts except that the longitudes are ail referred to the 
meridian of Marseilles instead of to a western prime meridian. The to eat 
discrepancy between the positions of Toledo arid of London on the one hand, 
and those of the remaining points on the other, is thus revealed; the stars foi 
the two former cities lie far to the west in the ocean. In oidor to bring out 
clearlv how accurately the position of London was represented in relation to 
Totedo in the anonymous twelfth century astronomical canons referred to on 
p.92,n.l,a small cross surrounded by a circle is placed to the south of the actual 
position of London. The actual position of Tolosa in Spain is given in order 
graphically to illustrate the theory that by ilie u Tolosa - of tie* tables Toulouse 
was probably meant. The figure for longitude places *• Tolosa » close to the 
meridian of Toulouse m relation to the meridians of Marseilles and the other 
stations /excepting, of coui'se, London and Toledoi. but widely epnrated from 
the meridian of Tolosa. Nor can the « Tolosa - of the tables he referred 
to the meridian of Toledo with any more satisfactory results. Two of the 
figures for the latitude of * Tolosa - an* so mcorroct that they cun onlv be 
ascribed to copyists' errors. 
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Hereford, Paris, Marseilles, Toulouse, Barcelona, Cremona, Novara, 
Naples and Florence on the other. Figure 3 illustrates these facts in 
graphic form. 

To sum up : the Moslems of the eastern Caliphate received from 
Ptolemy data regarding the longitudes of a multitude of points. Al- 
Khwarizmi altered Ptolemy’s figure for Toledo from 10° to 11° east 
of the meridian of the Fortunate Isles and corrected the length of the 
Mediterranean Sea by diminishing the longitudes of points at its 
eastern extremities. Al-KhwarizmI’s figures were transferred to the 
Occident in the list of cities which accompanied the translations and 
modifications of the Toledo Tables. Al-Zarqali* in the Canons which 
he wrote for the Toledo Tables made use of a new prime meridian 
17° 30' to the west of that of the Fortunate Isles. He placed Toledo 
28° 30' to the east of this new prime meridian or 7° 30' east of the 
position where Al-Khwarizmi had placed it in relation to points 
at the eastern end of the Mediterranean. Al-Zarqali’s new figure 
for the longitude of Toledo was also transferred to the knowledge 
of Latin Europe with the translations of the Canons. European 
astronomers then proceeded to calculate the longitude of Marseilles or 
of some other point from the meridian of Toledo and in so doing to 
make an error of between 5 1/2° and 8°. From this point the lon¬ 
gitudes of other stations were determined not at all incorrectly. The 
results of these calculations were recorded in figures subsequently 
added to the list of cities and in various notes in the astronomical 
tables. The longitudes of the cities of Italy were referred to the 
meridian of the Fortunate Isles, those of other stations to the new 
meridian and the incongruity passed by unperceived. 

It thus appears that by no means an inconsiderable body of in¬ 
formation regarding the astronomical positions of places in the 
Moslem world had come to the knowledge of mediaeval Europeans 
from the Moslems and that by their own observations Western astro¬ 
nomers had added to this body of information fairly accurate data 
regarding the positions of several widely separated points in Europe. 

3. How far was the signifianceof this sort of information understood? 
How far was it utilized with a view to giving greater precision to the 
vague geographical ideas of the time? Reluctantly we must answer : 
practically not at all. The geographic importance of the figures 
seems to have been almost entirely overlooked. 

Take first the case of the figure 28° 30' east for the longitude of 
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Toledo. Absolutely no attempt was made to modify the lists of cities 
in order that the figures given in them should conform to the newer 
figure. In one fourteenth century manuscript the scribe includes 
both 11° and 28° 30' for Toledo (1) and other fourteenth century 
copies of the list give only 28° 30' hut show no alteration of the data 
for other places to correspond. The result is that if one should try 
to draw a map of the world from the coordinates given in these lists, 
Toledo would he on about the meridian of Carthage (2)1 
Though Ptolemy’s Geography with its elaborate lists of places and 
positions throughout the known world was not at hand, Gerahd of 
Cremona’s translation of the Almagest was in existence after 1173 (3). 
This contained an explanation of parallels of latitude and of certain 
places to be found on each parallel. The same sort of information 
was given in the Toledo Tables , in translations of Al-FaugiianFs 
Astronomy (i), and in the be sphera of John of Holywood (usually 
known in the middle ages as Sackobosco) (3) and would have been of 
no slight value as an additional aid for anyone who might have desir¬ 
ed to construct a map from the data supplied by the list of cities. 
Hut, so far as we know, no map was ever made on the basis of these 


(1) Bibhotheqne nationale, Ms, fond? latin, n°7421. fol. 203vo. 

(2) Another example of the failure of the mediaeval scribes to visualize these 
figures geographically was their persistence in repeating figures which place 
Italy some 10° to the west of the longitudes of France. In Biblioth^que natio- 
nale, Ms, fonds latin, n° 1621 1, fol. 93vo., Toledo is given twice in the list of 
cities In the first instance it is given latitude 22° O' (a figure which was sub¬ 
sequently crossed out and changed to 28° 30 r , obviously through confusion with 
the usual figure for the longitude), and longitude 28°30'. At the end of th* list 
it is entered again and assigned longitude 2H° 30', latitude 39° 50'. 

i3) See Dtiikm, op. cit ., vol. Ill, p. 219 

(4j The Elements of Astronomy of Al-FarghanT, a Moslem astronomer of 
the ninth century, included data nn the climata and parallels derived from 
the Almagest. This woi k was translated into Latin in 1135 by John Hispa- 
nknsis (or John ok Luna), and also subsequently by Gkrakd ok Orkjiona 
Moritz Stkinsciinkidkr. * Die europ&ischen l-ebersetzungen an^ dem Arabi- 
schen bis Mbtedes 17 Jahrhunderts ~ (Sitsungsberichte dcr phil.hist Klasse 
der k, A had, der Wiss , Vienna, vol. CXI. IX. 1904, pp. 22. 35, 41 ; 
vol CL1, 1905, p. 95. 

(5) The I)t sphna was immensely popular in the lato middle ages and 
during the kennawsance. It was printed together with the Thcorica 
planetarum in work cited above, p. 84, n. I Sec also Ditrkm op. cit., 
vol. III. pp. 238-240 
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figures. To have constructed such a map would have involved the 
bringing together of details from several sources, the correlating of 
these details and the correcting of those that varied widely from the 
others. It would, in other words, have involved a critical study, and 
however highly may have been developed the critical faculties of the 
men of the twelfth and thirteenth centuries in matters of theology or 
metaphysics, their thought was usually naive when it turned to 
scientific matters of this sort. If perhaps it is a little difficult for us 
to see how men could allow glaring contradictions and absurdities to 
stand side by side in the same page of a supposedly scientific work 
and how, with the materials for making a fairly good map under their 
very eyes, they never thought of using these materials for that purpose, 
we may ask ourselves, after all, why should they have wanted to make 
an accurate map? Accuracy in geography was a matter of no parti¬ 
cular concern in the Middle Ages. The main interest to the mediaeval 
mind of the data which we have been disucussing was astrological, and 
it required the stimulus of the Renaissance and the practical requi¬ 
rements of a great age of oceanic discovery and navigation to bring 
about the blossoming forth of astronomical geography in anything like 
scientific form and the application of its principles to genuinely 
practical ends. 

John Kirtland Wright. 


(American Geographical Society , New York) 




